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PREFACE

At the request of the NASA Space Station Program management, Level A of
the Office of Space Station, the NASA Advanced Technology Advisory
Committee (ATAC) held a workshop on advanced Automation and Robotics for
all NASA Centers. The workshop was held at the Lyndon B. Johnson Space
Center, Houston, Texas on May 13 through 17, 1985. The workshop
addressed the research and development work in progress at the NASA
Centers or under the sponsorship of the Centers. Work being done by
civil servants, universities and industry personnel was all treated.

This document, Volume 2, parts A and B, of the Workshop Proceedings,
presents the full papers (by presenter or other material) used for

presentation in the workshop.

Volume 2, part A contains May 13 and May 14 presentations.
Volume 2, part B contains May 14-16 presentations.

See Volume 1 for:
0 A summary of workshop accomplishments and issues

o Recommendations of the ATAC pursuant to the wofkghép

AT
0 Brief descriptions of the papers presented Sl

OBJECTIVES OF THE WORKSHOP WERE:

- Information exchange between the NASA centers on current efforts in
advanced artificial intelligence, robotics, and automation.

- Identification of current efforts throughout NASA, and gaps in the
current efforts, in relation to Space Station automation and robotics.

The agenda was a set of technical overview presentations from the NASA
centers on current efforts in advanced artificial intelligence, robotics
and automation, and a joint session with the (SSIS) workshop being held

at JSC the same week.

Representatives from Headquarters, ARC, JPL, JSC, KSC, GSFC, LaRC, LeRC,
MSFC and Space Station levels A, B, and C participated.

(See page 1139 for attendees list.)
Compiled By:
Artificial Intelligence and

Information Sciences Office/JSC-SR
Jon D. Erickson/Manager/713-483-4776
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NOTES

See Volume 1, Executive Summary for:

o Welcome and Introduction -~ Mr. Aaron Cohen, ATAC Chairman
o Keynote Messages - Mr. Dan Herman, Director Engineering Division, 0SS

o A brief discription of the intent of each presentation

0 A summary and recommendations
o Attendees list (Both volumes)
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THE HIERARCHY OF
SCIENCE AND APPLICATION PAYLOADS

PLANNING/SCHEDULING
PLAYERS
SCHEDULE SCOPE (R=RESPONSIBLE FOR) PUBLISHED
STS FLIGHT ® ALL STS MISSIONS ® NASA-HQ (R) MONTHLY (GOAL
ASSIGNMENTS ® 5 YEARS AHEAD ¢* CUSTOMERS
(MANIFEST) ® CARGO BAY ONLY ®* NASA CTRS
* SPECIFIC DATES
MASTER ® HORIZONTAL ¢* CS (R) AS REQUIRED
MULTI-FLOW MISSIONS ® MDTSCO
(MULTI-MISSION) ¢ 2 YEARS AHEAD ® ORBITER
®* SPECIFIC DATE
¢® ALSO KEY RESCS.
MASTER ¢ PER MISSION ¢ MDTSCO (R) ITERATED &
MISSION ® SEVERAL YRS AHEAD ® Cs (LV 1IV) PERIODIC
¢ ITERATED ® OTHERS
EXPERIMENT ¢ ALL LV IV ® Cs (R) PERIOCIC
INTEGRATION ACTIVITIES ¢ MDTSCO
(LEVEL 1V} ® ON PER MISSION ®* OTHERS
BASIS
72 HOURS/ * DAILY ®* Cs (R) - LV IV DAILY
11 pay * MODIFIED AT * MDTSCO (R) -
DAILY MTGS. LV III/II
* OTHERS
WORK/ACTIVITY * AS REQUIRED * CS(R) - LV IV AS REQUIRED

"MAKE WORK"

PROCEDURES/PARTS/
TOOLS
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M EXPERT SYSTEMS ﬂ;fZCZPibJCDI;CDCSS! ACTIVITIE

B/85
cY 1985 CY 1986 icy 1587[CY
JFMAMJIIJAS AMJJIASONDIT 23 al12
el S L_L_L_L_L_L_L_L_L_L___L_L
PHASE II “PHASE III PHASE IV
EMPRESS . . o
#ROTO DEV. & TEST  DEMO OPERATIONAL IMPLEM.
(KSC/MITRE) ¢ e
¥SC GRAPHICS | ASSESSMENT )
, SHUTTLE APPLICATION , DEMO  OPERATIONAL SYS. & MAINT.
EMPRESS
RELATED VEETICAL APPLICATION R DEMO . OPERATIONAL SYS. & »
(KSC/MITRE) T -
,5:S APPLICATION DEMO OPERATIONAL SYS. & M
[ M 1 Ji ‘
15P/SYMBOLICS ,
TRAINING PO S S S ¢ ¢ 0 ! ‘
\o SL_PROCESS. DEMo I |
APPLICATIONS g .S PROCESS’ DEMO,  ASSESSMENT & MAINT.
(KSC/JSC ROMTS. GENER.  DEMO ASSESSMEL
INFERENCE) ¢ . ¢
S PROCED. GENERA?
ART TRAINING * ¢ ¢ * * o
PLANNET DEVEL. & DEMO_
(MDTSCO/GT) DEMO DEWO PINAL
OTHER CM . PCU DIAGNOSTICS ] PROJECT X

PROJECTS

1 1 . |
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s YEAR PLAN
Cii EXFERT SYSTEM;W£ECHNOLQGY FUNDING
FY 84 FY 85 FY 86 FY 87 FY 88 FY 85 |
FUNDING TASKS P
MITRE-EMPRESS $50K !
SHASE 1 o4 $160K ;
“HASE II ¢— & $50K |
“4ASE III — o E
$135. 4K
cvMi0LICS SYS. —— |
$3.6K| $9K $10K
SvN3ZOLICS TNG. . 4 |
a | $200K | $200K $100K $100K
H:: WARE-S/W 4 —— p
TOTAL $190K $1639K $260K | $200K $100K $100K
F £ FUNDING TASKS
«ITRE-EMPRESS $60K
PHASE II (SUPP) 0-——--_—3
PHASE III (SUPP) | $100K $50K $50K $50K
PHASE 1v & ASSNT $60K - $160K —t $160K - $50K ’
AUTO. PLAN SYS. $43K ' s1oon<‘l $100K — $100K — $100K
HARDWARE-S/W )\ ) 4 4 D\
TOTAL T $103K $260K | $310K $310K $200K

JE & FUNDING TASKS

INFERENCE $40K
ART S/W,TNG,MAINT. +—»

$30K#i $15K 4_‘
CONSULT, TNG. ¢

S.8 CPS. CONT.

6 5. PRO(ESSING l $100K | $100K | $75K i $50K
RQMTS. GENERATION {3k | $S0K | 7K | $125K
PROCED. GENERAT&ON ______ ¢ _ffoxgl $ToK 4 $100K
TOTAL =s=== | “iitox | “ezook | szzsKk | $275K
GRAND TITAL | S190K | sa1zk 1 TTsE70k | Te710k | 635K | $575K
| FY 84 FY 85 FYy 86 | FY 87 | FYy 88 | Fy89
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o PLANNET
HIERARCHICAL DATA STRUCTURE

(DOMAIN DATA)

MISSIONS

(SL-2 & SL-3)

OMIs (WADs)
(E2003, L5027, L5045
L1041, L5046, L5025
L5039, L1023)

SEQUENCES

(SEE RESOURCE REOQUIREMENTS
SHEET, AND NETWORK )

RESOURCES

(CONSTRAINTS)

(" MISSION MILESTONES
HARD SCHEDULE DATES
NE TWORK
DURATION
TECHS
'ENG INEERS
INSPECTORS
'TECH OPS MEN
SAFETY MEN
EAST & WEST CRANCS
NORTH & SOUTH RAILS OF TEST STAND 1
TEST STANDS 2 & 3
LEAK TESTER

. CRANE CREW

i N
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ssassasnnecsanscuannnasan | N TERINMN PROBLEMN REPORTY sssaseasnacsistarasnssanas
Friday the third of May, 188S; 10:12:11 em
REPORTED BY: LES the Lox Expsrt System

PROBLEM DESCRIPTION:
6LOX2043E the replenish valve open msasurament no. 1 ¥s not reading correctly.
It now resds: OFF ,but should read: ON .

ANALYSIS & TROUBLESHOOTING STEPS:

1.) GLOP2Z04SA the replenish valve signel pressure measurement detects the current 1tate of +220180P, beceuse
1 +22D0180F wan failed to OFF, then GLOP2045A would have tc be reading
between -0.5 and 0.5,

2.) GLOP2045A the replenish valve signal pressure mesasurement detects the current stats of A33706, because
1 A33706 was fatiled 1o ON, then GLOP2045A would have to be raading
between -0.5 and 0.5.

3.) 6LOP204SA the replenish valve signs) pressure messuremsnt datects the current state of AJI708, beacauss
17 A33708 wes fatled to ON, then 6LOP2045A would have te be reading
between -0.3 and 0.5.

-»
~—

GLOP2045SA the replenish valve signal pressure messumement detects the current state of A337089, because
17 A33709 was feiled to ON, then ELOP2045A would havs to be reading

between -0.5 and 0.5,

however, 6LOP2045A 13 reading 15.8, thus clearing:

20-PS1-PRI, A33784, A33700, A33708, K10S, and A33708.

Suspects now are: AB6460, G401A4S2, S002A1-F2, «22D1808, and 6LOX2043E.

5.) GLOX3043E the replenish valve open mesasurement no. 2 1s NOY resding correctly thus clearing:
GLOX2043E .

Suspacts now are: ABGASD, 8401A4S2, 8602A1-F2, and +2201808.

6.) GLOW3044A the replenish valve position indicator no. 2 detacts the current state of +22D180P, because
17 +22D180P was failed to OFF, then 6LOH3044A would have to be reading
between -5.0 and 5.0.
7.) GLOH3044A the replenish valve position indicetor no. 2 detects the currant state of ASS460, because
17 ABS4ED was between 0.0 and 03., then GLOHI0A4A would have te be reading batween -5.0 and 98..
howaver, GLOH3044A 15 reading 99.6, thus clearing:
AB86450 .
Suspects now are: 8401A432, 8602A1-F2, and +2201808.
8.) GLOX2035Et replenish valve secondary pressures ochay mesasurement datects the current state of +2201808, because

1f 42201308 was fatiled to OFF, then 6LOX2035E would have to be reading OFF.
howevar, GLOX2035E 1s reading ON, thus ctleasrting:

6602A1-F2 and +22D1808.

Suspects now sre: 6401A4S2.

Friday the third of May, 1988; 10:12:28 em

At this point 1t appears that the most 11kely single point fatlure s
6401A452 the replenish valve open Yimit switch

The rest of the measurements will de sesrched for conflicting evidence,

9.) Tha balance of the RELATED MEASUREMENTS have besn examined,
and cannot ado sdditionsl informstion to the ebove snalysis.

CONCLUSION:

It is determined that the most 11kely single point failure 13
6401A452 the replenish valve open Yimit switch

Thank you----LES
Friday the third of May, 1965; 10:12:30 em

GAsassssasasdssicrsnanasaansnnases REFERENCE INFORMATION ftnssvansnsnensssnsnacasasssasntonsnssg

LIST OF SUSPECTS EXAMINED:

20-PS1-PRI the 20 pai primary pressure sourcs PRESSURE
Ad3784 the replenish vslve primary transducer P51 CURRENT-TO-AIR-TRANSDUCER
A33709 the replenish valve signal primary override solenoid SOLENOID
A33706 the raplenish valve sipnal pressure secondary sslect SOLENOID
K185 the replenish valve sscondary select relay RELAY
A33708 the replenish valve supply prassure secondary select SOLENOID
ABB460 the replanish valve 4 ANALOG - VALVE
G401A432 the replenish valve open limit switch LINIT-SWITCH
6602A3-F2 the fuse F2 in MLP pane) 6802A1 FUSE
42201808 the MLP DC power bus number +2201808 POVWER-BUS
GLOXZ2043E the replentsh valve opsn measurement no. } OF F DISCRETE-VALVE -MEASUREMENT
LISY OF MEASUREMENTS USED FOR THE EVALUATION:
ELOF2045A the replenish valve signal pressure messurement 15.0 P51 ANALOG -PRESSURE -MEASUREMENT
6LOX3043f the replenish valve opan measuremsnt no. 2 OF f CISCRETE-VALVE -MEASUREMENY
6.0X2C428 the replenish valve clcsed messurement no. 2 (R CISCRETVE - VALVE -MLASUREMENT
GLOX2042€ the replenish valve closed measuremsnt no ) Of F DISCRETE-VALVE-MEASUREMENT
6LOHI044A the replenish valve position 1ndicater no. 2 99.¢ % ANALOG - VAL VE -MEASURERENT
GLOHZ2044A the replenish velve position 1ndicator no. } 9.0 X ANALOG - VALVE -MEASUREMENT
GLOX2D3SF repleanish value es-ccdae-c peagspres obay manrramen? o

PICARTTIL PAtCENr wsgernsian



SLOX3094L the replenish velve secondary sslected indicatoer OFF DISCRETE -VALVE -MEASUREMENT
GLOX2S7SE the 738 pai gnl sup press ne 1 on DISCRETE-VALVE-MEASUREMENT
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WORKSHOPS

buring this session, the plan is to have MDAC and TRW present informally
on their results for approximately half of their allocated time, and the
other half would be used for a question and answer period to allow an
interaction between NASA and the Phase B contractors.

Chairman: A. Dula (SSIS Workshop Coordinator)

TIME PRESENTATION PRESENTER
1:30 Expert and Planning Systems MDAC/TRW
3:30 Man/Machine Interface MDAC/TRW
4:30 ATAC Summary J. Erickson
5:00 Teleoperation/Robotics J. Gilbert
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ACQUISITION

ACQUIRES MOVING OBJECT FOR WHICH AN OBJECT MODEL IS AVAILABLE,
FOR TRACKING WITH SIX DEGREES OF FREEDOM,

USEFUL FOR RETRIEVAL OF SATELLITES.

USEFUL FOR HANDL ING WORK PIECES, REPLACEMENT MODULES, AND
FASTENERS [N ORBITAL ASSEMBLY WORK.,
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Acquisition and tracking block diagram.
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Legend for Figure

Symbols for 3-D quantities (prime means uncorrected for scale factor and bias):

p

d m»m

€l

(7]

position vector

3-by-3 covariance matrix of position
orientation quaternion

velocity vector

angular velocity vector

12-by-12 covariance matrix of position, orientation, velocity,
and angular velocity

Subscripts on above:

Symbols

i

3

for 2-D

Q 9 M «<

each feature (at time ts)

object at time t (Vs refers to reference point instead of
object origin)
object at time tr (final data used for acquisition)

reference (a priori object)

average feature

quantities for each feature:
horizontal position
vertical position
horizontal velocity

vertical velocity

standard deviation of quantity or covariance of quantities
indicated by subscript

Other quantities:

Flow:

N T N

time
scale factor

bias
2-by-2 covariance matrix of scale factor and bias

program
data derived from images
princi{pal given data
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SEARCH TREE IN MODEL MATCHER FOR EXAMPLE

'R

ie_te g Feolare

Object vertex
Probability

0 ) ) 8 -
.000{ |.000 002 499) 499
0 2 6 o) 2 &
499 |.001] |.000] {.479] |.000 00|
[») i
66 1.03Y
. 0 o 7 &
) 35 138\ l.oo3| {.01C
O 2 O [ &
.003]| (.000 .003| [.000{ |.000
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INTERCONNECT ION OF MODULES

N | r—HIrT'HT

THE CONNECTIONS FROM A PARTICULAR MODULE IN ONE COLUMN
TO THE MODULES IN THE NEXT COLUMN ARE SHOWN,
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5

PIFEX MoODUV

LES SHOWING BRANCHING FROM ONE MODULE

1 —t —




TWO REPRESENTATIONS OF INTERCONNECTION TOPOLOGY

—» DIRECTION OF MAIN DATA FLOW (ALONG ROWS)
— —— CUT FOR INPUT AND OUTPUT (ALONG A COLUMN)
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AROUND

EXAMPLE OF WRAP-

HER AN naann
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EXAMPLE OF WRAP-AROUND
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ATTENDEES AT ATAC WORKSHOP

Anderson, Willard

Langley, Flight Dynamics & Control
Phone: 865-3049

Mail Code: 152

Bachman, W. E.

JPL, Electronics & Control
Phone: FTS 792-4420

Mail Code: 798-112D

Baker, Ken

JSC, Artificial Intelligence
Phone: (713) 483-4776

Mail Code: SR

Bates, W.

JSC, Systems Support
Phone: (713) 483-3491
Mail Code: DF74

Bauernschub, John P,

GSFC, Space Station-On Orbit
Assembly & Maintenance-Robotics

Phone (301) 344-6395

Mail Code: 400.6

Bejczy, Antal K.

JPL, Automated Systems, Advanced
Teleoperator

Phone: FTS 792-4568

Mail Code: 198-326

Benz, Harry
LaRC

Phone:

Mail Code:

Brown, Robert H.

JSC, Mission Planning and Analysis
Phone: (713) 483 4751

Mail Code: FM?7

Cheeseman, Peter
Ames, Informaticn Sciences, Code RI
Phone: 8-464-6525
Mail Code: 244-7

Clark, L. P.

NASA Headquarters, Office of Chief
Engineer

Phone: 453-2158

Mail Code: DE

Cohen, Aaron
JSC, Director of R&E
Phone: FTS: 525-3971
Mail Code: AE

Creedon, Jerry
LaRC, Flight Systems Directorate
Phone: 865-4915
Mail Code: 113

Crouse, Ken

JSC, Artificial Intelligence
Phone: 483-4776

Mail Code: SR

Dalton, John

GSFC, Data Systems Technology
Division

Phone: FTS 344-8623

Mail Code: 520

Davis, Tom

V-SC, Future Projects
Phone: 823-3494

Mail Code: PT-FPO

Davis, V. Leon

KSC, Sys. Enging. Support Section
Phone: (305)867-3402

Mail Code: DL-NED-22



Delaune, Carl

KSC, Software Applications
Phone: 876-5020

Mail Code: SC-LPS-2

Dove, Bill

LARC, Information Systems Division
Phone: (804)865-2233

Mail Code: 469

Dumoulin, Jim

KSC, Experiment Checkout Section
Phone: 823-3466

Mail Code: (CS-SED-?21

Eisenman, David J.
JPL

Phone:

Mail Code:

Erickson, Jon D.

JSC, Artificial Intelligence
Phone: FTS 525-4776

Mail Code: SR

Erwin, Harry 0.

JSC, Tracking Techniques Branch
Phone: (713) 483 3669

Mail Code: EE6

Faymon, Karl A.

LeRC, Power Technology Division
Phone: FTS 294-5241

Mail Code: 301-3

Fernandez, K.

MSFC, Info. & Electrical Systems
Phone: FTS 872-2653

Mail Code: EB44

Gilbert, Jimmy R.

JSC, Artificial Intelligence
Phone: 483-4776

Mail Code: SR
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Gott, Charles

JSC, Mission Planning and Analysis
Phone: (713) 483 4751

Mail Code: FM73

Grenader, Sven U.
JPL

Phone:

Mail Code:

Hartenstein, Ray

GSFC, F1t. Data Systems
Phone: 344-5659

Mail Code: 735

datfield, Jack
LaRC

Phone:

Mail Code:

Haussler, Jon

MSFC, Space Station Project Office
Phone: 872-4955

Mail Code: KAll

Heydorn, Dick

JSC, Artificial Intelligence
Phone: (713) 483-4776

Mail Code: SR

Heidt, Mike

JSC, Artificial Intelligence
Phone: (713) 483-4776

Mail Code: SR

Herman, D.

HQ, Office of Space Station
Phone: (202) 453-1162

Mail Code: SE

Holley, Max D.

JSC, Level B Space Station
Phone: 525-2741

Mail Code: PB



Holt, Milton
LaRC

Phone:

Mail Code:

Houston, Glen

JSC, Artificial Intelligence
Phone: 483-4776

Mail Code: SR

Huck, Fred
LaRC
Phone:
Mail Code:

Jenkins, Lyle M,
JSC, Flight Projects
Phone: 483-3083

Mail Code: EX2

Jurica, Kathy

JSC, Simulation and Avionics
Integration

Phone: 483-2401

Mail Code: EF

Katzberg, Stephen J.

LaRC, Langley Space Station Office
Phone: 4830

Mail Code: 162

Kaupp, Henry J. G., Jr.
JSC, Space Station Projects
Phone: 483-2771

Mail Code: KC2

Krishen, Kumar

JSC, Tracking and Communication
Phone: (713) 483-5518
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